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technology allows highly multiparameter (up to 34 probes) 
cytometric or image based quantification of biomarkers on 
single cells. MC employs inductively coupled plasma mass 
spectrometric detection in place of the fluorescence optics 
used in traditional flow and imaging cytometry and 
circumvents the problems of spectral overlap and 
compensation required in fluorescence flow cytometry. The 
key feature of MC that we have exploited is that different 
mass isotopes of the same heavy metal can be independently 
quantified and thus used as distinct probes to allow serial 
measurements over time with the same chemical probe. This 
has allowed a series of probes that have identical 
pharmacokinetic profiles to be produced and used to monitor 
the time dependence of tumor hypoxia in both in vitro and in 
vivo model systems. 
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Purpose: Head and neck squamous cells carcinomas (HNSCC) 
have a poor prognosis due to escapement to anti-cancer 
therapies which leads to locoregional recurrences. The 
presence of cancer stem cells (CSCs), resistant to chemo- and 
radio-therapies, could explain these resistances and 
recurrences. Hadrontherapy has demonstrated favorable 
results for many cancers, since carbon ions induced more 
CSC’s cell death than photons. However, for the HNSCC 
tumor, local control remains low. CSCs are located in a 
hypoxic microenvironment and hypoxia is well-known for 
being able to induce the epithelial mesenchymal transition 
(EMT). The aim of this study is to investigate the response of 
CSCs to radiotherapy, compared with carbon ions under 
hypoxic conditions. Many signaling pathways involved in the 
resistance of CSCs and the invasion/migration process depend 
on the stabilization of HIF-1α. Reactive Oxygen Species 
(ROS), which are produced under hypoxia and in response to 
irradiation, play a key role in this stabilization. However, 
since few data are available, the mechanisms involving ROS 
production, HIF-1α stabilization as well as the 
invasion/migration process that follows, need to be clarified 
in HNSCC CSCs exposed to carbon or photon radiations in a 
hypoxic environment.  
Material and methods: Two HNSCC cells lines, SQ20B and 
FaDu, and their CSCs were grown in normoxic and hypoxic 
(1% O2) conditions. CSCs were isolated by flow cytometry cell 
sorting. Cell survival curves were performed in response to 
photon (250kV) and carbon ion (75MeV/n, GANIL, France) 
irradiations in order to define the Oxygen Enhancement Ratio 
(OER). The expression of HIF-1α was followed by Western-
Blots. ROS were quantified with a CM-H2DCFDA dye and 
Migration/Invasion with Boyden chambers. 
Results: After photons, HNSCC cells and their CSCs appeared 
more resistant under hypoxia (OER>1.2) whereas the oxygen 
effects were cancelled after carbon ions (OER=1). 
Interestingly, the OER values and the expression of HIF-1α 
seemed to be linked. HIF-1α was weakly expressed after 
photon irradiation and fully inhibited after carbon ions. 
Additionally, under hypoxia, HIF-1α expression appeared 
earlier in CSCs than in the parental cell lines, confirming 
their adaptive properties to hypoxia. In CSCs, this expression 
was correlated with ROS levels. As a consequence, since HIF-
1α is known to promote EMT, under normoxia as well as 
hypoxia, the invasion/migration abilities of CSCs were more 
important than in non-CSCs. Finally, after carbon ions, either 
in normoxic or hypoxic conditions, invasion/migration 
processes were decreased compared with photons. 
Conclusion: HIF-1α plays a key role in the radioresistance of 
CSCs and in their invasiveness abilities. No expression of HIF-
1α was found after carbon ion exposure suggesting that 
carbon ions could be a relevant therapeutic alternative to kill 
CSCs in their microenvironment.  
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Purpose: Annular phased array systems (APAS) are suitable to 
heat extremity, pelvic and abdominal tumors and to intensify 
chemo- or radiotherapy (Issels 2010). In a hybrid approach 
APAS and 1.5 T MR scanner were combined and clinically 
validated (Gellermann 2005, 2006). A review is presented 
regarding available technical solutions, its limitations and the 
potentials for further developments.  
Methods: Dedicated high-frequency (filters, matching) and 
mechanical solutions are required for a running hybrid system 
shown in the upper part of the figure. This APA system has an 
operating frequency of 100 MHz while the MR resonance 
frequency is at 64 MHz (1.5 T). Gradient-echo sequences are 
employed to measure phase differences and extracting MR-
temperatures (Gellermann 2005a). The key to obtain reliable 
MR-temperatures is post processing and visualization of MR 
datasets in a suitable software platform (here Hyperplan). 
Software modules has been developed for drift correction 
(via water bolus, calibrating probes, fat tissue), calculation 
and image processing of 3D MR-temperature distributions. 
The platform is also used for hyperthermia treatment 
planning (HTP) in order to compare distributions of pre-
planning and online measurements. Simultaneous processing 
of HTP distributions and registered MR-temperature 
distributions has been implemented in the hybrid system in 
Berlin (Weihrauch 2007). 
Results: The hybrid system was verified in a heterogeneous 
phantom (MR-temperature vs. direct temperature 
measurements, Gellermann 2005a) and clinically used for 
pelvic and extremity tumors under routine conditions 
(Gellermann 2005b, 2006). With available MR sequences 
(phase measurements) MR thermography is suitable for 
extensive fixated tumors such as sarcoma and recurrent 
rectal carcinoma, but not in the abdomen.  
Further developments of temperature sensitive MR sequences 
(Winter 2016) are strongly desirable in order to correct for 
tissue heterogeneities (e.g. air, clips) and various forms of 
motion (pulsation, respiration, peristalsis, different filling in 
case of bladder etc.). MR thermometry of the liver is already 
used during thermoablation, but is a challenge for 
hyperthermia, where errors < 1 °C are requested. 
The next technological step is an integrated system (lower 
part of the figure), where multi-antenna applicators have 
antennas for both heating (i.e. emitting strong phase 
controlled E-fields) and MR imaging (i.e. transmitting 
magnetic pulses and receiving the imaging signals). An 
experimental integrated system (7T, 298 MHz) has been 
implemented and tested (Winter 2013, 2015). Integrated 
systems are also conceivable with lower static H-fields and 
frequencies. 
Conclusion: Current hybrid systems should be further 
developed to integrated multi-channel systems with 
increased signal-to-noise ratio and the capability of online 
optimization. 
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Figure: Scheme of the hybrid system (as operated at the 
Charité Universitätsmedizin Berlin: BSD-2000/3D/MRI in a 
1.5T Siemens Symphony) for clinical use (upper part) in 
contrast to a prototype of an integrated system for 
experimental purposes (developed at the Max-Delbrück 
Center Berlin: 7T Siemens Magnetom), see Winter 2016. 
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Purpose: During proton therapy, patients receive undesired 
dose from neutrons produced in beam line components or in 
the patient. The neutron dose is primarily a concern related 
to long-term consequences such as radiation-induced 
secondary cancers. The majority of existing experimental 
data is based on measurements with passive detectors or 
measurements in air, and most studies have been performed 
in passive scattering- or uniform scanning beam lines. The 
aim of this study was to investigate the neutron dose from 
Pencil Beam Scanning (PBS) proton therapy by in-phantom 
measurements with a novel active neutron detector.  
Materials/Methods: Measurements of the neutron fluence 
were performed at several positions inside a water phantom 
irradiated by a 178 MeV proton pencil beam at The Svedberg 
Laboratory in Uppsala, Sweden. The measurements were 
conducted with a recently developed neutron detector based 
on registration of single event upsets in static random access 
memories (SRAMs). Fluka Monte Carlo simulations were 
performed and compared to the measurements. The results 
were also compared to previously published neutron doses 
measured under similar experimental conditions. Fluence-to-
dose conversion factors from ICRP were applied to calculate 
neutron ambient dose equivalent (H*(10)).  
Results: The measurements indicated that the neutron dose 
at the Bragg peak depth decreased exponentially from 0.17 
pSv/proton to 0.03 pSv/proton from 5 cm to 14 cm lateral 
distance from the beam axis inside the water phantom (Table 
I). For an extended target volume of 3x3x3 cm3, this 
corresponds to neutron doses ranging from approximately 1 
mSv/Gy to 0.1 mSv/Gy. The neutron dose varied only to a 
small degree with depth in the phantom. The measurements 
and simulations showed similar relative distributions of 
neutron dose, but the simulations predicted overall lower 
doses, typically by a factor two. The experimental values 
were in relatively good agreement with previous results in 
the literature. 
Conclusions: The neutron dose in the water phantom from 
the proton pencil beam was measured to be on the order 1 
mSv/Gy at 5 cm lateral distance from the primary beam axis 
at the Bragg peak depth, while decreasing to approximately 
0.1 mSv at 14 cm lateral distance. Variation in neutron dose 
as a function of depth in the water phantom was modest. The 
results demonstrate the feasibility of using the SRAM 
detector for in-phantom measurements, and can be applied 
in estimation of secondary cancer risk from PBS proton 
therapy. 
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